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INTRODUCTION 

The  summaries  of  sea  water  densities  presented  in  this  publication  are  based  on 
observations  made  in  the  Pacific  harbor  and  coastal  waters  through  the  year  1953. 
The  densities  were  observed  primarily  at  tide  stations  which,  in  the  United  States 
and  possessions,  were  maintained  by  the  Coast  and  Geodetic  Survey,  often  with  the 
cooperation  of  other  organizations.  Summarized  data  for  five  places  on  the  California 
coast,  namely  Balboa,  Port  Hueneme,  Pacific  Grove,  North  Farallon  Island  and  Blunts 
Reef  Lightship,  were  supplied  by  the  Scripps  Institution  of  Oceanography.  Final  re- 
sults for  places  in  Chile  were  supplied  by  the  Departamento  de  Navegacion  e  Hidrografia, 
Repubica  de  Chile,  and  for  the  Philippine  Islands  by  the  Bureau  of  Coast  and  Geodetic 
Survey  of  the  Republic  of  the  Philippines.  For  other  countries  the  Coast  and  Geodetic 
Survey  derived  the  data  from  observations  made  by  organizations  in  the  countries  con- 
cerned. In  Latin  America  the  observations  were  obtained  through  the  cooperation  of 
the  Inter  American  Geodetic  Survey. 

Table  1  presents  monthly  means  and  annual  mean  and  extremes  for  each  year  of 
observations.  Maximum  and  minimum  densities  are  shown  for  each  year  in  which  obser- 
vations were  made,  whether  or  not  the  observations  covered  the  whole  year.  In  all 
cases  the  yearly  extremes  are  from  the  months  of  the  year  for  which  means  are  given. 
If  they  are  from  an  incomplete  year,  they  are  followed  by  an  asterisk. 

For  each  station  at  which  the  series  of  observations  covered  two  or  more  years, 
there  are  given  also  the  following  monthly  values  for  the  series:  the  mean  of  the 
monthly  means  together  with  its  corresponding  salinity,  the  maximum  density  observed, 
the  mean  of  the  monthly  maxima,  the  mean  of  the  monthly  minima,  and  minimum  observed. 

Following  the  table  of  densities  are  graphs  of  monthly  mean  salinities  showing 
the  seasonal  variation  for  many  places  listed  in  Table  1. 

The  observations  are  made  by  drawing  a  sample  of  water  from  near  the  surface 
and  observing  its  density  by  means  of  a  hydrometer.  They  are  usually  made  once  each 
weekday  at  whatever  time  the  observer  attends  the  tide  gage.  It  may  be  assumed 
that  in  the  course  of  a  month  or  a  year  the  distribution  of  observations  is  fairly 
uniform  over  all  phases  of  the  tide.  At  some  stations  situated  within  or  near  the 
entrance  of  an  estuary,  the  density  varies  with  the  stage  of  the  tide  or  with  the 
direction  of  the  tidal  current. 

The  densities  in  Table  1  are  given  with  respect  to  the  density  of  pure  water  at 
a  temperature  of  4°C. (39. 2°F. )  as  unity.  The  actual  density  of  the  water  may  vary 
from  a  little  less  than  unity  for  fresh  water  at  a  temperature  other  than  4°C  to 
approximately  1.0310  for  the  heaviest  sea  water.  Since  the  density  of  sea  water,  as 
observed,  depends  not  only  upon  the  amount  of  soluble  matter  contained  in  a  unit 
volume  but  also  upon  the  temperature  of  the  water  at  the  time  the  reading  was  made, 
it  is  necessary  to  reduce  the  observed  densities  to  some  standard  temperature  in 
order  that  they  may  be  comparable.  In  this  publication  the  observed  densities  have 
been  reduced  to  a  standard  temperature  of  15°C. (59°F. ) .  The  density  of  pure  water 
free  from  air  at  a  temperature  of  15°C.  is  0.9991. 

The  salinity  of  sea  water,  denoted  by  the  symbol  0/00,  is  defined  as  the  number 
of  grams  of  salts  contained  in  1000  grams  of  sea  water.  Salinity  can  be  determined 
by  several  different  methods,  one  of  the  simplest  being  based  upon  the  density  of 
the  water  as  obtained  from  the  use  of  the  hydrometer.  Table  2  gives  the  salinity 
corresponding  to  different  values  of  density  at  the  standard  temperature  of  59°F. 
(15°C. )  to  which  all  densities  in  this  publication  are  referred. 

For  some  practical  uses  of  density  data,  it  is  more  important  to  know  the  den- 
sity at  the  temperature  apt  to  be  encountered  than  at  the  standard  temperature. 
The  graph,  Sea  Water  Density  at  Various  Temperatures,  provides  for  converting  density 
at  59°F.(15°C. )  to  density  at  other  temperatures. 

The  following  publications  complete  this  series: 

Special  Pub.  No.  278.   Surface  Water  Temperatures,  Atlantic  Coast,  North  and  South 

America. 

Special  Pub.  No.  279.   Density  of  Sea  Water,  Atlantic  Coast,  North  and  South 

America. 

Special  Pub.  No.  280.   Surface  Water  Temperatures,  Pacific  Coast,  North  and  South 

America  and  Pacific  Ocean  Islands.  i 
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LIST  OF  STATIONS 

Station                                                   Lat.                Long.  Page 

o»  o      » 

Aberdeen,  Grays  Harbor,  Wash. 46  58N.  123  51W.  21 

Acapulco,  Mexico 16  51N.    99  55W.  54,61 

Alameda,  Calif. 37  47N.  122  18W.  13,56 

Anacortes,  Wash. 48  31N.  122  37W.  25 

Angaur  Island,  Palau  Islands 6  54N.  134  08E.  41 

Antofagasta,  Chile 23  39 S.  70  25W.  47 

Apia  (observatory)  ,  Samoa  Islands 13  48S.  171  46W.  39,59 

Arica,  Chile 18  29S.  70  20W.  48 

Astoria  (Tongue  Point),  Ore. 46  13N.  123  46W.  18,57 

Avila,  Calif. 35  ION.  120  44W.  10,56 

Balboa,  Calif. 33  36N.  117  54W.  7 

Bandon,  Coquille  River,  Ore 43  07N.  124  25W.  17 

Benicia,  Carquinez  Strait,  Calif. 38  03N.  122  08W.  14 

Blunts  Reef  Lightship 40  26N.  124  30W.  16,56 

Bremerton,   Wash. 47  34N.  122  38W.  23 

Brighton,   Nehalem  River,   Ore. 45  40N.  123  56W.  18 

Buenaventura,   Colombia 3  54N.  77  05W.  51 

Caldera,    Chile 27  04S.  70  50W.  47 

Callao,   Peru 12  03S.  77  09W.  49,60 

Canton  Island,   Phoenix  Islands 2  48S.  171  43W.  38 

Cathlamet,   Columbia  River,   Wash. 46  12N.  123  23W.  20 

Cebu,   Cebu  Island,   Philippine  Islands 10  18N.  123  54E.  43,60 

Collinsville,    Sacramento  River,   Calif. 38  04N.  121  51W.  15 

Constantine  Harbor,   Amchitka  Island,   Alaska 51  25N.  179  17E.  34 

Coos  Bay  entrance,   Ore. 43  21N.  124  19W.  17 

Cordova,   Alaska 60  33N.  145  46W.  31 

Crescent  City,   Calif. 41  45N.  124  12W.  16,56 

Davao,   Mindanao  Island,   Philippine  Islands 7  05N.  125  38E  43,60 

Dumbarton  Bridge,    San  Francisco  Bay,   Calif. 37  30N.  122  07W.  14 

Dutch  Harbor,   Unalaska  Island,  Alaska 53  54N.  166  32W.  33,59 

Everett,   Wash. 47  59N.  122  13W.  22 

Florence,   Siuslaw  River,   Ore. 43  58N.  124  06W.  17 

Friday  Harbor,   San  Juan  Island,   Wash. 48  33N.  123  00W.  25,57 

Gardiner,   Umpqua  River,   Ore. 43  44N.  124  07W.  17 

Garibaldi,   Tillamook  Bay,   Ore. 45  33N.  123  54W.  18 

Guadalcanal  I .    (Kukum) ,   Solomon  Islands™ 9  26S.  160  00E.  39 

Guam(Apra  Harbor),   Marianas 13  26N.  144  39E.  41,60 

Guaymas,   Mexico 27  55N.  110  55W.  55,61 

Haines,   Alaska 59  14N.  135  26W.  29 

Harrington  Point,    Columbia  River,   Wash. : 46  16N.  123  39W.  20 

Hilo,   Hawaiian  Islands 19  44N.  155  03W.  37,59 

Honolulu,   Hawaiian  Islands 21  18N.  157  52W.  36,59 

Johnston  Island,  Hawaiian  Islands 16  45N.  169  31W.  37 

Jolo,  Jolo  Island,  Philippine  Islands 6  04N.  121  00E.  44,60 

Juneau,   Alaska 58  18N.  134  25W.  28,58 

Ketchikan,   Alaska 55  20N.  131  38W.  26,57 

Kodiak,   Kodiak  Island,   Alaska 57  47N.  152  24W.  32. 

Koror,  Koror  Island,  Palau  Islands 7  21N.  134  29E.  41 

Kwajalein  Island,   Marshall  Islands 8  44N.  167  44E.  40,59 

La  Jolla,    Calif. 32  52N.  117  15W.  6,56 

La  Libertad,   Ecuador 2  13S.  80  55W.  50,60 

La  Paz,   Mexico 24  ION  110  19W.  55,61 

La  Union,   El  Salvador 13  20N.  87  49W.  53,61 

Legaspi,   Luzon  Island,   Philippine  Islands 13  09N.  123  45E.  42 

Los  Angeles    (Outer  Harbor),   Calif. 33  43N.  118  16W.  7,56 

Manila,   Luzon  Island,   Philippine  Islands 14  35N.  120  58E.  42,60 

Mare  Island  Strait,   Calif. 38  06N.  122  16W.  14 

Massacre  Bay,   Attu  Island,   Alaska 52  50N.  173  12E.  35,59 

Matarani,   Peru 17  00S.  72  07W.  48 


LIST  OF  STATIONS  -Continued 

Station                                                     Lat.  Long.  Page 

Of  Of 

Mazatlan,    Mexico ■ 23  UN.  106  26W.  55 

Midway  Islands,   Hawaiian  Islands 28  13N.  177  22W.  36,59 

Naos  Island,   Canal  Zone 8  55N.  79  32W.  51,61 

Neah  Bay,   Wash. 48  22N.  124  37W.  21,57 

New  Hope  Bridge,   Mokelumne  River,   Calif. 38  14N.  121  29W.  16 

Newport,   Yaquina  Bay,   Ore. 44  38N.  124  03W.  18 

North  Farallon  Island,   Calif. 37  46N.  123  06W.  11 

Olympia,   Wash. 47  03N.  122  54W.  24 

Pacific  Grove,   Calif 36  38N.  121  55W.  11,56 

Pago     Pago,   Samoa  Islands 14  17S.  170  41 W.  38 

Peard  Bay,   Alaska 70  48N.  158  28W.  35 

Pittsburg,   New  York  Slough,   Calif. 38  02N.  121  53W.  15 

Point     Barrow   (Elson  Lagoon) ,   Alaska 71  23N.  156  27W.  35 

Point  Barrow    (ocean),   Alaska 71  23N.  156  27W.  35 

Point  San  Quentin,    San  Francisco  Bay,   Calif. 37  57N.  122  29W.  14 

Port     Angeles,   Wash. 48  08N.  123  26W.  22 

Port     Hueneme,   Calif. ■ 34  09N.  119  12W.  9 

Port     Moller,   Alaska 55  59N.  160  34W.  35 

Port     Townsend   (Fort  Worden) ,   Wash. 48  08N.  122  46W.  22 

Puerto  Armuelles,   Panama • 8  16N.  82  52W.  52 

Puerto  Montt,   Chile 41  29S.  72  58W.  45,60 

Puerto  Penasco,   Mexico 31  19N.  113  35W.  55 

Prisoners  Point,    San  Joaquin  River,   Calif. 38  04N.  121  33W.  15 

Punta  Arenas,   Magellan  Strait,   Chile 53  09S.  70  54W.  45,60 

Puntarenas,   Costa  Rica 9  58N.  84  50W.  52,61 

Raymond,   Willapa  Bay,   Wash. 46  41N.  123  45W.  21,57 

Rio  Vista,    Sacramento  River,   Calif. 38  09N.  121  42W.  15 

Salina  Cruz,   Mexico 16  ION.  95  12W.  54 

San  Diego,   Calif. 32  42N.  117  14W.  6,56 

San  Fernando,   Luzon  Island,   Philippine  Islands 16  37N.  120  18E.  42 

San  Francisco    (Fort  Point),   Calif. 37  48N.  122  28W.  11,56 

San  Francisco    (Hunters  Point),   Calif. 37  44N.  122  22W.  13 

San  Jose,    Guatemala 13  55N.  90  50W.  54,61 

San     Juan  del  Sur,   Nicaragua 11  15N.  85  53W.  53,61 

Santa  Barbara,   Calif. 34  25N.  119  41W.  10 

Santa  Monica,   Calif. 34  00N.  118   30W.  9,56 

Sausalito,   Calif. 37  51N.  122  29W.  14 

Seattle    (Duwamish  River),   Wash. • 47  32N.  122  19W.  24 

Seattle   (Elliott  Bay),   Wash. 47  36N.  122  20W.  23,57 

Seward,   Alaska 60  06N.  149  27 W.  31,59 

Sitka,   Alaska 57  03N.  135  20W.  27,58 

Skagway,   Alaska 59  27N.  135  19W.  29,58 

Skamokawa,   Columbia  River,   Wash. 46  16N.  123  27W.  20 

Sweeper  Cove,   Adak  Island,   Alaska 51  51N.  176  39W.  33,59 

Tacloban,   Leyte  Island,   Philippine  Islands 11  15N.  125  00E.  43 

Tacoma,   Wash. 47  17N.  122  25W.  24 

Taft,   Siletz  Bay,   Ore. 44  56N.  124  01W.  18 

Talara,   Peru 4  35S.  81  17W.  50,60 

Taleahuano,   Chile 36  41S.  73  06W.  46 

Three  Mile  Slough,   San  Joaquin  River,   Calif. 38  05N.  121  41W.  15 

Tokeland,   Willapa  Bay,   Wash. 46  42N.  123  58W.  20,57 

Truk  Islands   (Moen  Island),   Caroline  Islands 7  27N.  151  51E.  40 

Tumaco,   Colombia 1  50N.  78  44W.  51 

Valparaiso,   Chile 33  02S.  71  38W.  46,60 

Wake  Island— 19  17N.  166  37E.  39 

Wauna,   Columbia  River,   Ore. 46  ION.  123  24W.  19 

Womens  Bay,  Kodiak  Island,   Alaska 57  43N.  152  31W.  32 

Yakutat,   Alaska 59  33N.  139  44W.  30,58 

Yap  Island,   Caroline  Islands 9  30N.  138  08E.  41 

Yerba  Buena  Island,   San  Francisco  Bay,   Calif. 37  49N.  122  22W.  12 
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Mean  Salinity  Curves 

Monthly  mean  salinities  in  parts  per  thousand  are  presented  graphically  to  show  the  seasonal   variation. 
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Mean  Salinity  Curves  -  Continued 
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Mean  Salinity  Curves  -  Continued 
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Table  2.     Corresponding  Densities  and  Salinities 
(Density  at  15°C.  --  Salinity  in  parts  per  1000) 


Den- 

Sal- 

Den- 

Sal- 

Den- 

Sal- 

Den- 

Sal- 

Den- 

Sal- 

Den- 

Sal- 

sity 

inity 

sity 

inity 

sity 

inity 

sity 

inity 

sity 

inity 

sity 

inity 

0.9991 

0.0 

1.0046 

7.1 

1.0101 

14.2 

1.0156 

21.4 

1.0211 

28.6 

1.0266 

35.8 

0.9992 

0.0 

1.0047 

7.2 

1.0102 

14.4 

1.0157 

21.6 

1.0212 

28.8 

1.0267 

35.9 

0.9993 

0.2 

1.0048 

7.3 

1.0103 

14.5 

1.0158 

21.7 

1.0213 

28.9 

1.0268 

36.0 
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0.3 
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29.0 

1.0269 

36.2 

0.9995 

0.4 

1.0050 

7.6 

1.0105 

14.8 

1.0160 

22.0 

1.0215 

29.1 

1.0270 

36.3 

0.9996 

0.6 

1.0051 

7.7 

1.0106 

14.9 

1.0161 

22.1 

1.0216 

29.3 

1.0271 

36.4 

0.9997 

0.7 
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1.0217 
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8.4 

1.0111 
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22.7 

1.0221 

29.9 
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1.0002 

1.3 
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1.0167 

22.9 

1.0222 
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1.0003 
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23.0 
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1.0278 
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1.0004 

1.6 
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1.0114 

16.0 

1.0169 

23.1 

1.0224 

30.3 

1.0279 

37.5 

1.0005 

1.7 

1.0060 

8.9 

1.0115 

16.1 

1.0170 

23.3 

1.0225 

30.4 

1.0280 

37.6 

1.0006 

1.9 

1.0061 

9.0 

1.0116 

16.2 

1.0171 

23.4 

1.0226 

30.6 

1.0281 

37.7 

1.0007 

2.0 

1.0062 

9.2 

1.0117 

16.3 

1.0172 

23.5 

1.0227 

30.7 

1.0282 

37.9 

1.0008 

2.1 

1.0063 

9.3 

1.0118 

16.5 

1.0173 

23.7 

1.0228 

30.8 

1.0283. 

38.0 

1.0009 

2.2 

1.0064 

9.4 

1.0119 

16.6 

1.0174 

23.8 

1.0229 

31.0 

1.0284 

38.1 
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1.0065 

9.6 
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16.7 
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23.9 
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31.1 
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38.2 
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1.0066 
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1.0121 
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24.1 

1.0231 
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9.8 
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1.0177 

24.2 

1.0232 
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1.0013 
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1.0068 

9.9 

1.0123 

17.1 
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Sea  Water  Density  at  Various  Temperatures 


The  purpose  of  this  graph  is  to  provide  the  density  of  sea  water  at  any  temperature  apt  to  be  encountered 
when  the  density  at  the  standard  temperature  of  59°F.  (15°C.)  is  known.  It  is  intended  primarily  for  use  with 
this  density  publication  which  gives  densities  at  59°F.  and  with  Coast  and  Geodetic  Survey  Special  Publication 
No.  280  which  gives  sea  water  temperatures  for  the  same  stations. 

To  convert  a  density  at  59°F.  to  density  at  another  temperature,  enter  the  graph  horizontally  from  the 
left  with  the  known  density  and  downward  from  the  top  with  the  desired  temperature;  the  position  of  the 
point  of  intersection  with  respect  to  the  curves  gives  the  density  at  the  desired  temperature.  Interpolate 
between  curves  when  necessary.  For  example,  by  this  method,  water  having  a  density  of  1.0162  at  59°F.  is 
found  to  have  a  density  of  1.0124  at  85°F. 

The  densities  are  referred  to  the  density  of  fresh  water  at  4°C.  (39.2°F.)  as  unity. 
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